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(54) FILM-FORMING COMPOSITION, FORMATION OF FILM AND LOW- DENSITY FILM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a film-forming composition capable of imparting a low 
density film excellent in dielectric constant characteristics and water absorbency 
characteristics and useful as an interlayer insulating film in semiconductor elements, etc., having 
small-sized voids and excellent in CMP resistance. 

SOLUTION: This film-forming composition comprises (A) silane compounds composed of at 
least one kind selected from the group consisting of R2R3Si(OR1)2 f R2Si(OR1)3 and Si(OR1)4, 
and R2s(R10)3-sSiRSi(OR1)3-tR2t (wherein R1 to R3 are each a monovalent organic group; R 
is a divalent organic group; s and t are each an integer of 0-1) or its hydrolyzate and/or 
condensation product, (B) a polyether represented by the general formula: PEOp-PPOq-PEOr 
(wherein PEO is a polyethylene oxide unit; PPO is a polypropylene oxide unit; p is a number of 
2-200; q is a number of 20-80; r is a number of 2-200), and a solvent. 
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'yji/) y£>, 1 - (>>- t b^>y 
i - (fy-t-7> y y £ 
y;u) - l - ( b 



[0017] 1 - b*l/J Jl) - 1 - 
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1 - ( b y - 

s e c - ~f 
-?b*isl 
?)l<isi)>l>) 
<t CD 1 - 

[0018] l - b*^y ^n^y ;U) - 2 
( b yy h*5x^yjv> x^>, i - (iPx 

^y'J;W - 2- (F'Jxh^yyy^) i^>, 1- 
(^-n-^UsP+^y^^yjl/) - 2- (h'J-n 
-^n**^yji/) x^>. i - (*/- i -7 8 n^=^ 
Wfil/i/'Jib) - 2 - ( h y - i -^'n^*>^>y 
;U) x^>, l- (>>-n -^h+^y^-JP^y ;!/) - 

2 - (hy-n-7>+yy'J^) x^> ( 

s e c -t/h + W^l^yjl') - 2- (by -sec 
-7'>^yy'JJb) x^>, 1- (y-t-7'FtW 
- 2 - ( h y - t -:/b4^>y;U) x^? 
>tti*(Di- (iyr;i/n+w^;u^y;u) -2- ( b 
yr^3^yyy;v) x^>ffl; 
[0019] bx (i/M h+^y ^;u^y ;u) y 
tx (>?x f + w ^;i/-> yju) y^?>, fx (^-n 
-7"n*+'WWyy;b) y£>, bx (y- i 
p^^^y^ii/^y;!/) y^>, a (y-n-^'F^ 
^;b>-y;i/) y trx (*/- sec -7"h^y 
y^;u->y;i/) y 5?> N t x Ct/- t - ^h ^5>y 
^>y;u) y^>^i©ex (^r^^^^y ^;b^>y 

;U) y^>M; 1, 2-tfX (y^h+y^Wy'J 
;U) x^?>, 1, 2-bX (yxF+WfibyyjM 

x^x i, 2-t'x (iy-n -^n^+^y^ji/^y 

JU) x^?>, 1, 2 - fc'X (*✓- i -y'U-#*rZsM 
->y;U) x^?> v 1, 2-bX (^-n-7"hty^^ 
;l^>y;b) x^>, 1, 2 -bX s e c 
%/M*)\,*s*))V) 1, 2-bX (y-t-7 h 

+Syy^;i^>y;i0 x3?>^:i©i, 2 -ex (^r^ 
n^>>y^;^>y;b) ^^>^B; 
[0020] l , 2 - t*x ( h y y h+^^>y;u) ^> 

1, 2-b'X (h'JxF + yyy^) ^y-fey, 
1, 2-t:X ( h'J-n-7'P^ + yyy^) -^>-fe* 

>. i, 2 -bx ( b y- i -^n#*^^y;u) ^> 

•fe'>. 1, 2-t^ (hy-n-7'F+yyy;b)^y 
1, 2~t7 (F'J-sec-7"F^yyyib) 
^>Hf>, 1, 2 -b'X ( b U-t- ^ h + t^yAO ^ 

>-fe>, i, 3 -ex ( b yy h+t^^y >i) ^>-fe 
i, 3 -bx ( b ux h+^^y^) 



1. 3-b'X ( M-n-^Ptf+^yJl') 

>, 1, 3 -ex ( h'J - i -^n^^v-^'j JV) ^> 

•iz>, 1, ^> 

1, 3 - ex ( h U - t -:/h*^ynO 
^>"tf>, 1, 4 - ex ( h h*^>- y;u) ^>-tf 
>> l, 4 -ex ( h yx h*^>y;lO ^>-b'>, 
1, 4 - ex ( hV-n-7*P^^> yjb) 

l, 4- ex ( h y -n 

^>iz>, 1, (F'J - t-7'h+^>»JJl/) 

^ ex ( h yr^n+i/^y Ji/) ^>-tf> 
*;4t*W«Cims. C*i6©fb£W (4) 

[0 0 2 1] ±Kffc^*| ( 4 ) fTB, ex ( h y X h 
*5^y Jl/) X £> v ex (F'Ji h+S^^yjl/) x# 
>#£<Z>ex ( h V T 3 ;10 ^^>; 1 , 2 

-^(Mi^^'Jiblx^, 1, 2~ex 

( h y x h y ;V ) x £ £•© l , 2 - ex ( h 

y Tfra^i/isV )l>) x£> ; 1 - h+^^Jl/ 

->y>>k) - i - ( h y ^ k^^'JjH x i - 
(j/xF^w^'Jjm - l- (>yxh^>>>>y 

l - ( h y r^a+s/^y ;u) x x> ; l - (>>x h^ 

>-X - 2 - ( h y X h+^UJb) xX 

1- (^xF^W^'JW - 2- (hyxh 
^>'JJH xX>&£0 1- (^y;l<:3^>X 
y;U) - 2 - ( h 'JTi^^^'JJl') x£> ; ex 

(it J h^x ^;V5>y;b) x x>. (^F^> 
jt&fri/V)],) XX>&£cDex (^yjl/rn + VX^Jl/ 
->y Jb) X ; 1 , 2-bX (5/^h^v^^;k>'J 
;U) x£>, l, 2-t7 (i/i^w^'JW 
x£>&d:(Dl, 2 - ex (^yjUn^X^Jl/^y 
;U)x£>;l, 2 ~ ex ( h y X h^>^y;l/) ^> 
■tf>, 1. 2 - bX ( h yx h^>>>>y;b) ^>iz>, 

l, 3 - ex ( h y x h + s^>y ju) -<>^>, l, 3 
-ex ( h yx h+->^yju) i. 4 -ex 

(hMh+^'J^)^*^ 1, 4-ex(MJ 

iK^'jiW ^>*tr'>&£cDex ( h 'jr^3^> 
^y;b) -i>^> ; ix , *#tcex ( h y x h* 
no xx>, ex ( > y x h^>>>>y;u) xx> 
&£<Dex ( h y TJVa+^^y ;u) x^>; i, 2- 
ex ( h y x h*s/^y;b) x£>, i, 2-ex(h 
Dxh^s/'j^x^^^oi, 2-ex(hyr 

;I/p*->>>y;i/) x LA> 0 
[0 0 2 2] _h§B ( A ) f$#4*0W-*ffc£» ( 1 ) - 

^IlW^/c^ 0. 2 5^3^(£>7k£ffll>&C<t 
0. 3-2. 5^;KD7jc%Jn^4Ci^# 
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**»JWfcJ:^IIB^J^4iO#y^-oWa^y 
[0 0 2 3 ] (A) JS#4#JiS-raifc£» ( 1 ) - 

(4) *jm*^<w. *fr&s**i*K:a:. Mi^tfflit 
{tim frwt mmi, mm&m. tmaL&*miz 
io [oo24]^itu-nt^tittt ma, h 

yxh+^.^y (T-fe^JUT-fe h^- h ) h 

y - n -?*p#^> • ^7 (r*fe^;ur-fe h^- h) ^ 1 

h y - i -^C3^+^> • (r-fe^;UT-fe 
-h) h y - n -^h+rx • ^€rx (T-fe^;I/T 

•fe hi*— h ) ^^>, h y - s ec-7> • 

h^- h ) ^^?>, yxf^>- 
ex (T-fe^;i/T-fe h) ^^>, ^-n-^P^ 
• ex (T-fe^^T-fe h^- h) i - 

20 7*U#*rU • ex (T-fe^Jl/T-fe: h^- h) ^*^>, ^ 
-n • ex (T-fe^Ji/T-fe h^- h) 

^-sec b*zs • ex h^- 

h) t - y h^^> • ex (r-fe^-^T-fe h 

h) ^^?>, ^^Xhti/' h r ;X (TH2^-;l/T-fe 

h^-h) ^^>, *y-n-^a#*^- hyx (y 
-fe^T-te h^ - h) ^^>, - i -^P^^>> • 
hyx (y-fe^^y-fe h^- h) ^x-n-^ 
h^>. hyx (y-fe^;i/y-fe h^-- h) <=ex 
-sec -:/h^> -hyx (y-fe^;l/y^ h^-- h ) 
30 ^^?>, - hyx (y-tz*;uy-fe h 

^-h) ^3?>, fh7 + 7 (y-fe^;by-fe h^- h) 
^•^>, hyxh + ^-^tx (if^T-bhr-fef- 
h) ^£>, h'J-n-^D^+^^y (x^Jl'T-b 
FT-fef- h) h y - i -^a^^-> • ^ex 

(x^Jbrt h7tr- h ) h'J-n-7>t 

^> . *7 (x^uy-fe hy-fe^- h) ^^>, h»;-s 

ec-7'KV^/ (x^^y^ F7*bf- h) 

h'J - (x^;uy-fe hy-fe^- 
h) ^^> v i/xK>" ex (xf;l/7-bh7bf- 
40 h) zs-n -y'VTji^ts - ex (x^;vy-fe h 

y-fef-- h ) ^£> v i - ^p#+^ • ex (x* 
;uy-fe hrbf- h) ^^?>, *s-n -7 h+^> • ex 
(x^I/7bh7bf- h ) ^-sec-7-> 
+ • ex (x^7-bb7bf- h) t 

-x h^> • ex (x^;i/y-t2 hy-fe^- h) ^£>. 
^xxh^->- hyx (x^Ji^y-fe h7-bf- h) 

^x-n-^n^*->- hyx (x^;by -e hy -fe 
^r — h) -y°u^^^> • hyx (x*- 

;l/7th7tf*-h) ^/-n-^K'> - h 

50 yx (x^;l/7th7-bf-h) ^^?>, ^ex-sec 



u 

Jfcy-t-^h+i/ - h y x (x^;ur-fe hr-fer 
-h) r*h^X (x^^7th7-bf-h) 

(T-fe^r-fe h^ - h) h yx (x^n, 
TthTtf-h) ^£>. bx (r-fe^^r^h^- 
h) bX (xfibT-fehr-fer-n ^*>, hyx 
(T^^HT-te bi~- b) (x^;l/7-feh7tf- 
h) ^£>&£ce>?-*>*u-- bit&W ; 
[0 0 2 5 ] MJiFty - ^v ( 7 ;l/ T -te h ^ — 

*)l>T-te h^- h ) ^^^x^A, MJ- i -7°P^^ 

^•^ey (r^^^r-fe h^- h ) ^;i<px^a, hy 
h^- h ) a. h y - 1 - y h • -tx 

(T-fe^iUT-fe h^- h) *yJl/PX^A, yxh*5/* 
bX (T-te^-JUT-fe h:J*- h) t^^njr.^ A t Sx-n- 
r/p^zx • bX (THz^UT-fe h^- h ) ^;Upx^ 
A, i -:/PsJ**i" bX (THz^l/THz h^~ 

h) yJl/n^^A. ^-n-^h*^- bX (T-b?-;l/ 20 
T-te h^- h) yi^^»)A N y-sec-^h^- 
bX (T-fe^;I/TH2 h^~ h) zs)l^^O A. t - 

y h+s> • bx (r-fe^;UT42 h^- h ) s^i/nx^ 

A, ^e^xFty' h'JX (T-fe^UT-b h:f- h ) 
jIox^a, ^/-n-7'a^^' h 'J X (T-fe^;l/ 
T-fe h^- h> v^Upx^A, l - T/P^f • 

h'JX (Ti^;U7-fc h^- h > yi^^-^A. 
n-^h*S/- hUX (T-fe^T-fe b^- b ) y^Uxi 
x^A, ^y-sec-7'^y - h'JX (TiZ^^T 
■fe h**~- h ) v^Upx^A, t ~y b*i/ * h U 30 

X {T*:?-)l<T-te bi~- b ) i^n/PX^A, r*h^*X 
(T-fe^-^T-fe h^*- fv) ^px^a 4 hijih^ix 
•^y (i^7-feF7tf-h) >>;lox^A, h»; 
-n -^DjJ<^-> • ^y (x^UT-fe F7-fer- h ) ^ 
;ynx^ A, h y - i -7'D^^y • (x^;Uy-te 
hr-fef*- h) Sy;t/Px^7A, h»J-n-7>ty^ 
s (x^y-te h7-feT*- h ) yi^^^A, h'J-s 
ec-^ * (x^;UT«fe hT-tef* — h ) vA" 

px^a, h'J-t-7'h^^'^y (x^jl/7^F7 
•fer-h) ^l/^^-^A, i/x • bX (x?;l/7 40 

•feh7tf-h) yi^xr)A^ ^-n-^P-ft^' 
bX (x^;l/7-bh7-fef-F) ^J^x^A, i 
-^p^^-bx (x^;l/T-fe h7-fef - h) Sy;l/n 
x^a. y-n-7>ty-l:'X (xf^7-feF7^r 
- h ) ^;l/PX^7A, ^- s e c -y h + v' • bX (x 
W7iHh7tf-h) ^n^^A, ^-t~^h + 
$y • bX (x^y-te hy-fer*- h) S'Jt/PX'y* A, * 
yx^y- hyx (x.f;i/7-teF7-fef-F) ^;bp 
x^A, - n - :/P#*^ • b y X (x^Uy-fe h 
T*fex- h ) ^3^^A, i -7D^i/ - h 50 
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yx (x^;ur-fe hr-bf- h ) ^junx^A, ^ey- 

n - ^ h + ^> ■ b y X (x^;L,r-fe h T-fef-- h ) iy;b 
^x^a. ty-sec-^F + y- h y X (x^JbT 

hyx (xfmh7-fef-K) >>;Ur3JX^A, r h 

(r-fe^;bT^ h^- h) h y X (x^;ur-fe F7-fer 
-h)^JUnr.^A, bX (T-fe^JUT-fe h^- h) b' 
X (x^^T-fe h7tf- h) ^Jl/X3xr>A, h 'JX 
(T-fe^;UT-fe h^- b ) ^x (x^;ur*fe hT-fer- 
h) is)l>a~V A^^Oy'J^x^A^u- hft^ : 

[0 0 2 6 ] hyx (r-b^^r-fe h^- h) r;u^x 

^A, hyx (x^7-feh7tf-h) Tikx^A 

ft £ or to s x ^ a * u - h f ; £ ^iw c i 

[oo2 7]f«iit[t ma\t. mm. y°u\i* 
>wt. "X^>K, -~<>£>^ ^^-y->i$, ^^^?> 

® v ^^3?>^, ^^>K. ya-JS, 7 1/ 

A^-M. Ml. ^'J?m, 77tF>i, y+$^ 
2 -x^;U-s^if>^, tU^f>i, Xf7'J>8, y 
x^;y^, yxu^>K, W*)m, P- 
7^$fift, p - h;Ux>x;l/*>M, -<>-b>x 

K. 7*;l/Bl t ^x>^. ffl5M«c<b'%*tf 

KK. y>Mtt*ir**cf4ci*s-C*4 0 
[0 02 8 ]*tftltLttt, WAB!, by^>, b 
p-jU, b^^^>, bp Viy>, b^<ye>>, bp y 
>. hy^^^r^>, F'jx^jb7^>, ^e/x^y 
— ;UT^>, iyx£ y-;uy 5 ^y^Ji/^yx^y 
^7;>, ^/yf;l'> ; x^y-^7^y, h'jx^ 

s-)iT ^ s^rif tr->^a*^^>, ^rifb->^ 

pyt>, i>T1f b>'^P^>f r *b>, f F7^^7 
>^aa>( KP^+lf-Y Ka£**tf4Ct*JT» 

hy^A, ^KK^t^y^A, /K^t^u^A, ?m<tt! 

[0 0 2 9] cn^ft!t«CD^^, ^JH+U-hft^ft. 

[0030] ±mm<D&mm\t. it^m ( 1 > - 

0. 0 0 0 0 1 -0. 0 5^t;k Jf * b< «0. 
0 0 0 0 1 -0. 01 *;I/r»So 
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[0031] (a) daw, it^m ( i) - (4) <om 

©tlW^it, ilS, 500-300, 000, 
»*L<tt. 5 0 0-2 0 0, 0 0 0, £t>lC0£b< 

bi, ooo-ioo, ooofisr&So 

»3ffi^Wcfft*L/ci#6C, (A- 4) JiJWH*. (A- 

I) J&9\ (A-2)J&£\ (A-3) SEdteAjy (A 
- 4 ) LT 5-50 11% , 0£ L < » 
5-4 511%, ?6CCjf^L< «1 0-4 511%t 10 

*> d , *o c ( a - i ) mftonm^ < t ( a - 2 ) 

5>cDSaJ , [ (A- 3) < C (A- 2) 

l&#CD«S) r*5 0 (A-4) ^fr5SS%*«T 

tt^fii&S. — 3u 5 0SS%£jB;L<5<h. BWcft 

/c, [ ( A ~ 1 ) J&frtDSSD < C ( A - 2 ) 

S] , C (A- 3) f&ftCDMm) < C (A- 2) )£#<Z) 

II) *»fcSttl><fc. f#6tiS^BI(D««fl9«K3&S9e 
&*>\ *»WK:fc(,vt. ^SP*»JW»^ftitt, 20 

it&m (1 ) - (4) <DS 1 OR 1 Sfr 1 0 O%ft]7j0* 

Kirs i OHJStttO, 36tc^cc»^L/r->o* 
[0 0 3 3] (B) ffyx-f-jl, 

(B) ^'jx-fii'iu^ TiE-«s;r*3*is# 
y * u > - # y t* u> - ^ >j 

Sflittiiittc, BJ Hffiri!BeL//cSMi*<Offi«l 
If X*J 1 0 n m*»£^3<,>fctf>, SftffliBiMHOJRRB 30 

PEOp-PPOq-PEOr 

fc/cl, PEOtt#yxfU>ttt^F#{l(-CH 
, CH, O-) , PPOB^'J^Db'Uytt^^Ff 
(3 C-CH 2 CH (CH 3 > O-) , p^2-2 0 0, 
q ^2 0-8 0, r 1*2-2 0 0 <D#*7jVr . */c, _L 

a, TJUn+^s. h»;r^=3*^s^ 

(B) # ij i - f »; u>ftj|[(Dli¥J^ 
St£> ilS, 1. 0 0 0-2 0, 0 0 0, SJSKIJ 
2, 0 0 0- 1 5, 0 0 0T&£ o 
[0 0 34] (B) (A)fiS 

3t, 1-8 OfiSgR, *ff*l,<«:5-6 5SSSrc* 
[0 0 3 5] (C) 

^mmmmi&mmf&mz. (a> (b) * 50 
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yx-^;!,^ (C) T^3-^»*«, $-h>2fcfi£ 

C^, TJ^-^Miltil y£y-;k x£y 
— Jk n-^n^v— Jl/, i - 7 4 n^v- ;k n~:7£ 
y-;k i -?*£y-Jk sec-^^-jK t-:/ 
£y-;k n--"<>£y — ;k i y—;k 2- 

y— ;k 3 h + ^:/£y-Jk n-^**^— Jk 
2 ^l"^>#y-Jk sec-^+t^^ik 2- 
x^UT/^y— ;k sec- / \7'^/^ ^:/£y — 
;u-3, n-tf^^-Jk 2 -x^-ju-'s+iJ-^-jk 
s e c y— ;k n - y xjUrJPra — Jk 2, 6 

->>y y — Jl- 4 , n - "f£r y — ;k sec 

~-^>^^)lT)]/a— Jk h »J y ^;Uyx;i/T;U^- 
Jk s e c-f F 7fV^7i^^ik sec-"^^'^ 
J ?is)lT)l>^— ;k 7x^^ ;k u-^^-y-y — ;k 
* y-;k 3, 3, S-H'j^^;!^ 

[0 0 3 6 ] x^>^y l, 2-7 , nt , i/> 

^yn-;k 1, 3-^U>^'j3-Jk -\>^>s; 
^--;l/-2, 4, 2 -^^;u-^>^>^^-ju-2, 
4, ^+it>^^--;l/-2. 5, ^y°Z>is*—)l- 
2, 4, 2 - J^^)l^^V>zyt-)l- 1 , 3, ^x^ 

jU^jgJK ; x^- y r3-;U^y^^;{/x--r 

x — y ^ x^Jbx—f*;l/, 

x^u>^y 7-W/~ 2 -x^T'f^x-f;!/, 
^x^u>^y y ^jUx — f-;u, ^x^u> 

;lx-~~-r)l, ^x^u>^y 3-jH/^^i/ji/x- 

7'n t a u> ^ y a y ^ ^;bx^f ;k 7'nb° 
U>^y ^-jb^ey x^;i/x-r;u s *7°p tu>yy a 
-j^y7'nt^x-f;k ^Dt^>y'j3-i^y 
^ ^ ; 1/ x — ;U , ^7'at'l/V^'Jn-i^^^^x 
— h°U> 3-;Ryx^Jbx-fJk 

^7'nt*i/>^y3- jb^: y ^* u t*;ux - f ju^c i 

[0 0 3 7] cti^ori^-^i©^, n --y' 
u/\°y— i -*7°p7^y-Jl/, n-^5?y— i- 
^^y-;l/, s e c - y-;k t-^^y-;i/, n 
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s e c ~~^>£ y-;k t-^>^y— Jk 3- 
n-^+U"-' — Jk 

-;k t' u > y 'J y y ?-^x-f ?p 

bu>^ v ^-^y^f ;i/x-f;k yne 

[0 0 3 8 ] T h>^Miirii 7-fe 

)Vrby, n -*^>^;U^* h x^;l/-n~ 

y n -^^^>;I/^ h i - 

-•^>£>>^>, r-fe h-r-^r-fe h rth7iy 

4-'\+*F>^:*>, 2, 4 -'^*>$'*>, 3, 5 
---\:7 £ >^:t 2, 4-^^^>> ) ^> > 3, 5- 
^^^>^^>, 2, 4 3, 
>^t>, 5-^^-2, 4-^^^>> ) ^>, 2, 
2, 6, 6-f h7^^-3, 5 -<^7'5>is*>, 
1, 1, 3, 5, 5, 5 -^*V7)l>*U - 2, 4-^ 
7^>^t>^i'0^ -t^ h>Sft£^tf6ft£o 
Ctie><D*rh>?mmiZ* 1«**W*2««±*EIB$ 

[0 0 3 9 ] T 5 FSiiiltSt ^A7$ h\ N 

F\ N-iWol/A7 5 h\ N, N-i^x^Jl/^;l/A 
75 7*feh75h\ N-^^-^T-fe h T 5 h\ N, 
N-^WtF7^F. N-x^Jl/T-te h7 5 h\ 
N, N-^xf;l/7th7;F, N-y«7*Pt't> 
75 K N-y»t ( p'JF> ( N - 5 ;i/^e;u* y 
>. N-^;i/5 ;i/t:^u^>. n-*jU5 iUtrn 
> N~7-fe^;U^:;!/^»; N-7-f2^JUb°^U^ 
> t N-7fc*Jl/k*py^>tt£#*lf6tl£. Ctl6 

[0 04 0 ] J.^f-JHR*«i Lttt, ^x?"rt/2/-# 

;k »«M^;k fti£x^;k r-^>n^^h> 1 r 

-^UP7^ h>, 7'Pt';k SlE&i -7"Pf 

Jk ftin :/^;k ftit i - ?^;k s e c - zf 
?-;k g^i$n ;k S^BI sec -^>^;k Sfclfc 

3-y h+S'T'^Jk fti£^^L"^>^k 2-x 
^:7^/k ftS2-x^;K^^k &E$^>^;k 
ftB^^n-M^Jk ftKy^Ui^p^+^k i^K 
n-^-Jk 7th^f;k 7-fe hffls»x?-;k ffi 

>^'j3-jRyxf;l/x-fjK ft&S'x^k^y y 
=j-jk*y y ^Ux-r^k 
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^eyxwx-fik itsfcyx^u^y p-;Ry- 
n - 7^;bx-fJk S^Kr/ati^^y r^-n^yy 
fjbx-r;^ Sffi^pfl/y^'jP-Wyx^Jl/x 
— y-;k gHRt/neu^^y 3^jRy7'a t^x-f 
Jk ftB^Pb'U^yj^-^y^x-fJW ft 
Bfc^p t e l/>^'JP-Myy?;bx>-r;k 
:/P t J lx>^'j3-iKyx^Jlx-fik i^ftByy 
;k ftHy F + VF'J^'Jp-*;^ 7'Pt't>Bx 
*Jk 7'Pt*t>in-7>Jk 7'at't>8i-7 5 
io ;k s^^K^x^k ^*^B?^- n-:/^;k 

;k 70>l^x^ik 7drjmt?y*;k 

x^j^^^itfen^o c*i6x*7^*§«&s. i 

[0 04 1 ] ftte, (C) ilibt, 7JU=J-;l/»S 
20 IA> 0 

[0 04 2 ] ^fHS(DlK^Am«JiE«9«. _blBcD ( C ) 

(A) fiE»*««rs{b^B ( i ) 
- (4) */n*»»*ij:iyf/*fcttii^-r&iHcc. ma 

[0 0 4 3 ] JWWKCtt, (A) fiJ»tl«J5a-r&<b^«l 
( 1 ) - (4) «r«»31*fc«ttEtpCC**fc«±iE 
(C) ^*r#«?0/c**^W*-2>C^Sil»WCC^ 

jirr& 0 c» mmt, mm^c^miiULris^x 

30 t»T COROBOSattiUrtt, a*. 0-1 

o o°c, »*l<»i 5-9 o - cr*s B 

[0 044 ] j^ffeOMfflgl 

10-20m/i, Bff^SJS^ 1 0-4 01i%gR<Z) 

40 ant?if (tt) y jry-ju^y*!/^ 

fcJ:^V7'PMV^'J*^ ; JUBKftRJEXSI 

Sfiltlt BMft^X* (#) «©7Jb5^V;l/5 
20,|5jl00,|s]200; j[|W^T^>^r5^;l^ 
(HO R©7;U5**y7-vOk 7;U5^V;M 0, 
[h)1 3 2tt£***tf6*V5. WffiffittSUi ItB, «A 

50 *f F*IWifigtt«l. ^^*IHiBffitt«ft£'*^f4 
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[0045] mzmmmm<DVM%m 

b, (o mmtp. (a) fcftzmmt&its'to ( 1 ) 
- (4) ^ig^cr, yK^mm^ttcimmm^cmmL 

t, U J§£U (A) $#£f)IIML:fc©*5, 

cnic (B) #'j*-f)izmm-?tite<i;< . ittc^ 
3ft£a>. 

[0 046] *#P^©«^©IBIi!f:£7£©JM«aj£ Or 
CD (A) lS5>£t8)#-r£{b^ ( 1 ) - (4) . teJ:^ 

© (A) &ftZffifX? Sitis® ( 1 ) - (4) 
(C) BR^^ttSjg^iBjCC. 8TS«©**«I»W*4 

©*3. (B) JK»*fi^-r4^rS. 

® (A) fiSdiflftss-ra^t^ft ( i ) - (4) . (B) 

S5*sJ;t>' (C) $L5tfrt>U2 > m-&folc. Bif^S©** 20 

® ( a) tttmssthii-gm ( i ) - (4 > , (B) 
WLfttezv- (o i&ftfrbtj; zm&faic. mfcrnviH* 

[0 04 7 ] C©.£5£COTf#8^&:£:?PJ5©ffij#t?5© 

^HJfj^?*isa > *?$l-<b, 2-3om jj t%-c*o, 

a^2->3 011%-C*5i, ^©JWiasjiSS&fSH 

<D±@&&m£.<Dmmz> ^g-cwnB. ?s«^_kia 

(C) *IKK£S#«{t«fcoTfT*>*i*. *fc. *»93 

ss*. 4 o °cr i ir ftflHutrfgogfeftitJv (omitzm 

[0 048 ] **W©««E!»l4rffl(,>-ril*^(atr -stc 

b, *^"*#BW©iflfiR!»*s«tcapf&L/. asflteJiasE-r 

ffiil/TB, ¥*ffc. •b^S ji'X, #SS&£ 

•>x^, s i N^x^^t©±cc^3n> mmmt? 
[0049] c<Dmommit, &mmw±Lx. imm 

K>vmS0. 0 5-1. 5«mSI, 20^0 TBJ¥3 
0. 1 -3 //mSffi©«MI*^«E-r4ci**'r*4. B 

fc-tzmmom 3b, as, o. 2-20^7*5. 
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T. n > h o - JUL fcfcETft £ Vif & 5 C 

co±ia (B) BS»©^ft?SS*«©SS-ej]p^tr 

(A) lS#£-g|55ijt3-fct ^^r±IB (B) 

(Dmmttttm, ®±te (b> ^©^waa^i 

[0050] ±ia© (a) BS^oow^fcasi 
<b) m^^mM&^mm-ntc^. £«wcjst;r. 

8»ifl«KcftH»bfc«J. ^3K, »*. «E«c£©» 

I^IJUTSCi^jfi. »)jt. <B 

skb, as. 2oo~4oo°c, j?*l<b2oo- 

3 5 0°C-C*£©T\ &MBfttefl*JK:«C©&®JiLk&C 
fln&3ft.SIfI*$ty„ COIIB. «E«l»t>L.<B 

[0 05 1] C©J:^tLTf#8ft£:£l£HJ©fgfflg{b 

«HSa*i> jiS. 0. 3 5-1. 2g/cm' . 
lifJKttO. 4-1. Is/cm' . 3 6CC*f$L< 
B0. 5-1. Og/cm 1 0. 3 5 8/001 

3 jfejtrt*. tK©«tSM«gi!iilTl/. l. 2 
?gfi©ias». ^^icfcw^MffJfiSTOi^*© 

(B) (£#©#W«(cJ:D. «StcilW|-r4Ci*i-C# 

s. 

[0 05 2] 3 &<C. *ai8©fi*^tBB. B J H£ 
(Ci-SiMIL^i'J^JCfeCi-C 1 0 n m«±©^?L^IS* 

e.n-r. mwmmmvmmmmmtmtLxiiiz u>. 

C©^M^>©fftffl?LB. *J6WK*JMS (B) fiEfl*fli 

[0 0 5 3] 3 8tC, *»W<DiSaf«{fc«l«. 
fiU*(Cf»Wt, m«. ^M4 12 7°C. 2. 5 
a t m. 1 0 0%RH, ©iS^CC 1 B#R8SfcSLfclg£. 
)Kg«©^l!S© IR^? MHI^8B^)ffi^©7K© 
©#BISat>6n^^„ C©5R*ttB. ^IfeBJicfeWSlgS 
J^fiSfflfflfiS*!*® ( A - 4 ) ^^©^W***^Bj|Etg 
©«SH£T-5C£t?^(S-r-5Ci^T#-5. 

[0 0 54] 3 8iC. *^W©(Sffia<btt©^S*B. 
(SSfm^-CfefJ. jIS, 2. 6-1. 2, »SL<B 
2. 5-1. 2. 38JC*?*L<B2. 4-1. 2t* 

(B) lg,ftO>&fl*lCJ:*)mM'rZCtifi-Cit&. 

[0055] *»w©is«flui». *e^tt{c«n, ^ 

RfflSBKKflin-SCt*^. LSI, ^XfALSI. 
DRAM, SDRAM, RDRAM, D-RDRAM^C 
f©^i*^ffl)IIH*fiiB)Il. ¥*i**^©*ffin- h 

^sie«s««©)ira«^(ji. ?ss«7^ 
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[0 0 5 6] 

mmm: «t\ ^m^mmi^mfx^^cmm 
n*«su*j «fc r * & c i l r i ^ 4 . 

[0 0 5 7 ] HSi^J 1 

(A) tit&Oim: J?>l<Y Vj* ht^>7>243. 
6 g (^£iin*#JB*^»J|£ : 1 2 0. 0 g) , 1 , 10 
2 - h X ( h y x b * ^> 'JJM x^?>2 14. 5 g 

(S£»*#IIM£«IJW : 8 0. 0 g) , 7'Pt'l/> 
^ y n - y - f 5 5 9. 3 g, j&ji 

-n-^>W^F>2 3 9. 7 g(Dl^ig^C. 71/ 
-f>Itl. Og (ftfeSS/R 1 OI(Di^;H(=0. 0 0 
lmoltb) 4*162. 0 g (H, O/R 1 Ol©tt 
J fcibj»= 1 . Omo lit) tc»*s L/fc*»«*Sar 1 

OTwrari/c »^*<3DiBiT»7a. $6^c6o 
oeitt4*ri«»u l»#Mi2 0%w;^P 20 
fflSt^oiBR ; ±aa-c»fc * y n vjv ioog 

(HfflW (flO H, ^-^6 1 (HO-PEO 
! -PPO j0 -PEO 2 -OHtB^) 8. 6g« 

u se>ftfc»^«j* 8 >^> / y n>^x^±$cx t° 

•C2*T 2 0 0 4 Cr 5 l ^cO%, S6tc*^T 

t3 4 0 e C, 3 6 0°C, 3 8 0 B C©jar*n-tJh.3 0 5J 30 

[0 0 5 8 ] g^j&fflffi^Ogjj 
1. B?j»$5£tt 

*!6WCC*jW-5«l0fiSfflJ|a«!|a8 0 ra 1 10 0m 

5 0 0 rpm, 3 1 b*>n - h*ff=r&fljU ± 

i2H*« 1 iB«©^t?«St L teHS©JBI»*3fc^«Jilf 40 
it (Rudolph Technologies ttHi, 
Spectra Laser200) &CT$iJ^U *<D 

mm { [ ^ 
)UDmm) /m&m<Dv>y°)i<Dmm] xiooi^g 

o: mmmtm< 1 o% 

x : JBffSHt^ 1 0% 
[0 0 5 9] 2 . 9£«$S 
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>^*JBiffl» i o o k h z ©JBSBKr. *sr • t ^ - 

h^-y*- K (tt) H. HP 1 6 4 5 1 B 
OHP4 2 8 4A^U^a>LCR^-^4^tC 

[0 0 6 0 ] 3 . Mffift 

4. tt?L^?t? 

»6hfciBflS»OlB?L»**, COULTERttl O 
MNISORP 1 0 0/3 6 0 SERIES*^ 
X B J HffitillfL, TiBS^CCfi£o-CfPflBL/fc 0 
O : 1 0 n m«±©«l?L*tt»6nai^ 
x : l 0 n mJM±©M?L#B»6ft£. 
[0 0 6 1 ] 5 . ?*t4* 

6. 

12 7'C, 2. 5atm, 10 0%R 

t, 3, 500 cm- l ft£©H 1 O&CjtgH-f &0RiROW 
O : MXftEO 

x : mm*) 

[0 0 6 2 ] 7. CMPS14 

: 3 0 0 g/cm J 
WSBSIffl : 6 Of* 

O : Kfttt L 

A : -aHC«#tt^*X;#*£. 
x : £TM*Mi£. 
[0 0 6 3 ] HJfe#ij2 

(A) JSE^CDMit: ^ h*i^>^>5 0. 7g 

(^^JD*»)W«^W»» : 2 0 . Og) , jt*)i,bV 

* v *isi^yy 162. 4 g (%&m*amitii&Wk 

J*: 8 0. Og) . h^^>7>32. 4 

g (S^flP*»«W^««fcJI : 2 0 . Og). 1, 2- 

( h y x h+^->y;i/) y^>230. 5g 

flD*»»*^«f»« : 8 0 . Og), ^atU>y»Ja 
-My^^x-f;b7 9 8. 9 g QjH^fg^tC ^ 
^.^KO. 9g (M^/R 1 Ol©i^li(=0. 0 0 
ImoUt) 4*171. 3 g (Hz O/R 1 Ol« 

*;i/»= l . omo lit) tc»*Lfc****Sfir l 

°Cr2I^IH5j£3*fccD%, »ETt4«ill . 0 0 
Ositt&srWiL, iMMi2 0%WJ^p 
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mfmKomm ; ±isn#/c*° y yp^>v>ioog 

(BJfc#2 0 ff ) ic, #y**S/x*u>-#y:***/ 

CHSMbiS <«) H % x^-*-^ 2 (HO-PEO 
5 -PPO 30 -PEO 5 -OHfiS) 3 10. 8g^i$ 

Tr 3 4 o °a 3 6 o °a 3 8 0 Twjir-en-eti 3 0 10 
^iTojaii, ?6^T4 2 5 °cr i mmmm 

[0 0 6 4] HJ6«»I3 

(A) $L5?<Dirm\ fF7^ h^>>->^>l 0 1. 3 
g (^JD*»J»IB^«rtft» : 4 0 . 0g), 

S: 100, 0 s ) , 1 , 2 - tr* ( h y x b Crisis U 

no x*> i e o. 9g (ft±m&ftmm&m&n : e 20 

0. 0g) , 7'nei/>^'j ^-My^qfil/x-f 
Jl/7 8 3. 2 sr, SP- i -:/P#*^ - tfX (x^;br 
•fehT-fef— h) (fetSS/R 1 OI©*6 J &;l/» = 

0. 0 0 4 mo 1 Jt) (DU^mmc, *1 7 7. 5g 
(H 2 O/R 1 0»Ott*Jb»= 1. Omo 1th) 4 6 
0 'CM&Tr l B9IHa>»T«T L fc. S^cDfiSTiRT 

0°Cr2B#raStD3^/cCD^, T-fe^-rt/T 
•fe h > 1 0 0 . Og %»Q*. *<D\k. iETt^^Sl 

1. 0 0 0ff<ttt4*r««U 1*^*12 

* U P * It > V ^ % f# fc 0 30 

ffl«;*joiHtJ ; ±!ETf#/oi< y ^>u+^> vou ioog 
C=8MfcJ« (*> H. x^-#-jU7 1 (HO-PEO 
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s -PP 0 35 -PE0 3 -OHfflS) ] 8. 6g«D 

tg$T2 0 0°Cr5#flfl»n^L/cCD^ 3 

T3 4 0°a 3 6 0°C, 3 8 0°C©IBr*Jh*n3 0» 

Fflf^Ml^ 3^«ST4 2 5 e Ctl BMEnffiL. 

•To 

[0 0 6 5 ] nam 1 

^SfiWl &C*5l>T, ^y* + 5>x^U>-^T;^ + ^^ 

i 

[0 0 6 6 ] J*««2 

x— ?\>U5 5 9. 3 g, ^ ^Jl/ - n ~ ^> ^;U^r h > 2 
39. 7g«ffifl ttfeOtef^ h^fc F077>7 

99. ogitwtsKjinfc m&mi tmmtcLxm 

[0 0 6 7 ] Jt««3 

mmmi cc*$t>r, ^y^+^x^u^-^y^*^^ 
6g?:iMf, ftt>9fc#yy*^**yu-|.« 

hi (^t2 o , ooo) tflwrrsew i*, xttn 1 

[0 0 6 8 ] 

[an 
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[oo69] * a < , cm p mmcmtitc, m^mmm^^ 

hmmmmm., t&mmm, 



7D> b^~i><DWl% 



(72)^BJ3* JtH 

JfC3££l3*.*EfgMi!rT@il#24^ ^ 

(72)f|H^ OJBB )*B] 



(72)^* f£jj$ ^ 

^tw*Kigtffi-Teii#24^ t^-r 

F£-A(#^) 4J002 CH022 CP031 EC037 EC047 
EE027 EE047 EH007 EH037 
EH057 EL067 EP017 EU027 
EU077 EU237 EX036 0Q01 
43038 DF022 DL021 DL031 JC32 

KA06 NA21 PB09 
5F058 AA03 AA04 AA10 AC03 AF04 
AC01 AH01 AH02 



